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1. INTRODUCTION 
In the troposphere, water vapor as a gas constituent 
alters the air parcel's specific gas constant and 
specific heat capacity at constant pressure from their 
dry values Rd and cpd to moist values Rm and cpm. 
Despite the knowledge that the potential temperature 
θ of an air parcel has a dependence on its water 
vapor content, potential temperature is often still 
calculated ignoring the specific humidity dependence 
in the exponent, with a few notable exceptions, e.g. 
Emanuel (1994). We derive the form that the 
isentropic primitive equations take when the 
dependence of potential temperature θ on water 
vapor content is included, and show that the resultant 
forcing from moisture gradients are non-negligible in 
the tropical troposphere. The new moisture gradient 
terms fundamentally alter the form of the isentropic 
equations. 
 
2. THEORY 
Assuming that moist air behaves like an ideal gas, the 
potential temperature of a moist air parcel is 
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where T is the temperature of the air parcel, p the 
pressure, pref the reference pressure, κm = Rm/cpm. θis 
often approximated using κ = Rd/cpd in place of κm . 
When the moisture dependence of the exponent κm is 
retained, the isentropic primitive equations need to be 
re-derived. We shall call this new set the "extended 
isentropic equations". 
 
2.1 DEFINITIONS 
Define the constants 

 
 (2) 
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where Rv and cpv are the specific gas constant and 
specific heat capacity at constant pressure of water 
vapour respectively, where the slight variation of cpd 
and cpv with temperature and pressure is ignored. 
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Thus, the moist specific gas constant and moist 
specific heat capacity at constant pressure are 
dependent on the specific humidity q as follows: 
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In the extended isentropic theory, due to the 
dependence of θ  on q, this expression appears 
repeatedly: for s = x, y, or θ, 
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where with a little algebraic manipulation, 
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Exner's function and Montgomery function can be 
generalized in a moist atmosphere as 
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2.2 MOIST AND DRY PRIMITIVE EQUATIONS 
The extended moist isentropic primitive equations are: 
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